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©  Heat  radiating  component  and  semiconductor  device  provided  with  the  same. 

©  Disclosed  herein  is  a  semiconductor  laser  provided  with  a  heat  radiating  component  which  is  improved  in 
heat  radiating  property.  The  semiconductor  laser  comprises  a  heat  radiating  component  for  radiating  heat  which 
is  generated  in  operation.  In  this  heat  radiating  component,  a  polycrystalline  diamond  layer  (3)  synthesized  by 
vapor  deposition  is  formed  on  the  upper  surface  of  a  stem  (4).  A  semiconductor  laser  element  (1)  is 
brazed/bonded  onto  the  surface  of  the  vapor-deposited  polycrystalline  diamond  layer  (3)  through  a  brazing  filler 
metal  (2).  Also  disclosed  herein  is  a  heat  radiating  component  having  a  thermal  expansion  coefficient  being 
coincident  to  that  of  an  LSI  chip  to  be  mounted  thereon,  which  is  excellent  in  heat  radiating  property. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

5  The  present  invention  relates  to  a  heat  radiating  component  and  a  semiconductor  device  provided  with 
the  same,  and  more  specifically,  it  relates  to  a  heat  radiating  component  for  dissipating  heat  which  is 
generated  from  a  semiconductor  element  such  as  a  semiconductor  laser  element  or  an  LSI  chip,  and  a 
semiconductor  device  provided  with  such  a  heat  radiating  component. 

io  Description  of  the  Background  Art 

In  general,  well  known  is  a  heat  radiating  component  for  dissipating  heat  which  is  generated  from  a 
semiconductor  element  such  as  a  semiconductor  laser  element  or  an  LSI  chip.  For  example,  the  range  of 
application  of  a  semiconductor  laser  is  rapidly  widened  in  the  field  of  optical  communication,  optical 

75  memory  and  the  like.  In  response  to  this,  technology  development  has  been  made  in  order  to  increase  the 
output  or  reduce  the  wavelength  of  such  a  semiconductor  laser.  Under  such  circumstances,  the  heating 
value  of  a  semiconductor  laser  element  is  apt  to  be  increased.  Thus,  the  semiconductor  laser  element  is 
disadvantageously  deteriorated  in  reliability,  and  its  life  is  reduced.  To  this  end,  there  has  been  developed  a 
semiconductor  laser  which  is  provided  with  a  heat  radiating  component  of  a  heat  conductive  material,  in 

20  order  to  dissipate  heat  generated  from  the  semiconductor  laser  element. 
Fig.  1  is  a  block  diagram  showing  a  conventional  semiconductor  laser  which  is  provided  with  a  heat 

radiating  component.  Referring  to  Fig.  1,  the  conventional  semiconductor  laser  comprises  a  stem  4,  a 
submount  5  which  is  mounted  on  a  prescribed  upper  surface  region  of  the  stem  4  through  a  brazing  filler 
metal  6,  and  a  semiconductor  laser  element  1  which  is  mounted  on  a  prescribed  upper  surface  region  of 

25  the  submount  5  through  another  brazing  filler  metal  2.  The  brazing  filler  metal  6  is  adapted  to  bond  the 
submount  5  to  the  stem  4,  while  the  other  brazing  filler  metal  2  is  adapted  to  bond  the  semiconductor  laser 
element  1  to  the  submount  5.  Table  1  shows  materials  and  shapes  of  the  semiconductor  laser  element  1  , 
the  submount  5,  the  brazing  filler  metals  2  and  6,  and  the  stem  4  respectively. 

30  Table  1 

Element  1  Material:  Compound  Semiconductor  Composed  of  Ga,  As,  In,  P, 
Al  or  the  like 

Shape:  up  to  0.5  mm  square 
Submount  5  Material:  Si,  AIN,  BeO,  Cu-W  Alloy,  Cu-Mo  Alloy,  SiC,  cBN 

polycrystalline  Substance  or  Single-Crystalline  Diamond 
Shape:  up  to  1  mm  square,  0.2  to  0.5  mm  Thick 

Brazing  Filler  Metals  2  &  6  Element  Side  (2):  Au-Sn  Alloy,  Pb-Sn  alloy  or  In 
Stem  Side  (6):  Au-Si  Alloy  or  Pb-Sn  Alloy 

Stem  4  Material:  Cu,  Cu-W  Alloy,  Cu-Mo  Alloy  or  Cu-W-Mo  Alloy 
Shape:  5  to  15  mm  Square 

In  operation,  heat  which  is  generated  from  the  semiconductor  laser  element  1  is  transmitted  to  the  stem 
4  through  the  submount  5,  to  be  radiated.  The  submount  5  is  adapted  to  efficiently  transmit  the  heat 
generated  from  the  semiconductor  laser  element  1  to  the  stem  4.  Therefore,  the  submount  5  is  made  of  a 
material  having  high  thermal  conductivity,  such  as  a  Cu-W  alloy,  a  polycrystalline  substance  of  cBN  (cubic 
boron  nitride)  or  single-crystalline  diamond  shown  in  Table  1  ,  for  example. 

In  the  conventional  semiconductor  laser,  however,  the  brazing  filler  metal  6  is  interposed  between  the 
submount  5  and  the  stem  4,  to  inevitably  resist  against  the  thermal  conduction  from  the  submount  5  to  the 
stem  4.  In  the  conventional  semiconductor  laser,  therefore,  it  has  been  difficult  to  attain  efficient  heat 
radiation  due  to  such  interposition  of  the  brazing  filler  metal  6. 

When  the  submount  5  is  made  of  high-priced  single-crystalline  diamond  or  the  like,  its  size  is 
considerably  reduced  as  compared  with  the  upper  surface  of  the  stem  4.  Consequently,  the  thermal 
conduction  surfaces  of  the  submount  5  and  the  stem  4  are  so  reduced  that  thermal  diffusion  mainly 
progresses  vertically  along  the  direction  of  depth  of  the  stem  4  and  no  sufficient  thermal  diffusion  is 
attained  in  the  transverse  direction.  Also  when  the  submount  5  is  made  of  single-crystalline  diamond, 
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therefore,  it  is  difficult  to  attain  sufficient  heat  radiation  efficiency. 
On  the  other  hand,  the  brazing  filler  metal  2  which  is  interposed  between  the  submount  5  and  the 

semiconductor  laser  element  1  is  prepared  from  an  Au-Sn  alloy,  a  Pb-Sn  alloy  or  the  like.  However,  such  a 
material  has  a  high  thermal  expansion  coefficient.  When  the  temperature  of  the  semiconductor  laser 

5  element  1  is  increased  upon  operation,  therefore,  the  semiconductor  laser  element  1  is  extremely  distorted 
by  heat.  Such  heat  distortion  leads  to  abnormal  operation  of  the  semiconductor  laser  element  1  or  reduction 
of  its  operation  life. 

In  general,  therefore,  it  has  been  difficult  to  provide  a  heat  radiating  component  which  has  an  excellent 
radiation  effect  and  a  semiconductor  laser  which  has  excellent  operation  characteristics.  Further,  it  has  been 

io  difficult  to  effectively  prevent  heat  distortion  of  a  semiconductor  element  such  as  a  semiconductor  laser 
element  or  an  LSI  chip,  which  is  bonded  by  a  brazing  filler  metal  having  a  high  thermal  expansion 
coefficient. 

SUMMARY  OF  THE  INVENTION 
15 

An  object  of  the  present  invention  is  to  improve  the  heat  radiating  property  of  a  heat  radiating 
component. 

Another  object  of  the  present  invention  is  to  improve  the  heat  radiating  property  of  a  heat  radiating 
component  while  preventing  heat  distortion  of  a  semiconductor  element  mounted  thereon. 

20  Still  another  object  of  the  present  invention  is  to  improve  operating  characteristics  of  a  semiconductor 
device  by  an  excellent  heat  radiating  effect. 

A  further  object  of  the  present  invention  is  to  prevent  operation  failures  in  an  LSI  package  and  increase 
its  operation  life. 

According  to  a  first  aspect  of  the  present  invention,  a  heat  radiating  component  comprises  a  stem  which 
25  has  a  mounting  surface  for  receiving  a  semiconductor  element  thereon  and  a  vapor-deposited  polycrystal- 

line  diamond  layer  covering  the  mounting  surface  of  the  stem. 
In  operation,  the  mounting  surface  of  the  stem  is  entirely  covered  with  the  polycrystalline  diamond  layer 

which  is  formed  by  vapor  deposition.  Thus,  no  brazing  layer  is  required  between  the  vapor-deposited 
polycrystalline  diamond  layer  and  the  stem,  whereby  efficiency  of  thermal  conduction  from  the  former  to 

30  the  latter  can  be  improved.  Further,  the  vapor-deposited  polycrystalline  diamond  layer  having  high  thermal 
conductivity  is  adapted  to  cover  the  overall  mounting  surface  of  the  stem  or  a  part  thereof  with  a  wider  area 
as  compared  with  the  contour  of  the  semiconductor  element,  whereby  thermal  conduction  surfaces  are  so 
widened  that  heat  generated  from  the  semiconductor  element  is  diffused  along  the  direction  of  depth  of  the 
stem  as  well  as  along  the  plane  of  the  mounting  surface  of  the  stem. 

35  According  to  another  aspect  of  the  present  invention,  a  heat  radiating  component  for  receiving  a 
semiconductor  element  on  its  surface  comprises  a  substrate  base  material  which  is  made  of  one  material 
selected  from  metals  and  ceramics,  a  polycrystalline  diamond  layer  formed  on  at  least  one  surface  of  the 
substrate  base  material,  a  first  intermediate  bonding  layer  of  at  least  one  material  selected  from  elements 
belonging  to  the  groups  4a,  5a  and  6a  of  the  periodic  table  and  oxides,  carbides,  nitrides  and  carbo-nitrides 

40  thereof  formed  on  a  prescribed  surface  region  of  the  polycrystalline  diamond  layer,  a  second  intermediate 
bonding  layer  of  at  least  one  material  selected  from  Mo,  Ni,  Pd,  Pt  and  Au  formed  on  the  first  intermediate 
bonding  layer,  and  a  metal  bonding  layer  of  at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In 
formed  on  the  surface  of  the  second  intermediate  bonding  layer  so  that  the  semiconductor  element  is 
mounted  on  its  surface.  The  materials  for  and  the  thicknesses  of  the  metal  bonding  layer,  the  first 

45  intermediate  bonding  layer,  the  second  intermediate  bonding  layer,  the  polycrystalline  diamond  layer  and 
the  substrate  base  material  are  properly  selected  and  set  at  prescribed  values  respectively  so  that  the 
thermal  expansion  coefficient  of  the  overall  heat  radiating  component  is  set  at  a  prescribed  value  within  a 
range  of  4  x  10_G  to  6  x  10~  5/°  C  under  temperatures  ranging  from  the  room  temperature  to  400°  C. 

In  operation,  the  polycrystalline  diamond  layer  is  formed  on  at  least  one  surface  of  the  substrate  base 
50  material  and  the  first  intermediate  bonding  layer  of  at  least  one  material  selected  from  elements  belonging 

to  the  groups  4a,  5a  and  6a  of  the  periodic  table  and  oxides,  carbides,  nitrides  and  carbo-nitrides  thereof  is 
formed  on  a  prescribed  surface  region  of  the  polycrystalline  diamond  layer  while  the  second  intermediate 
bonding  layer  of  at  least  one  material  selected  from  Mo,  Ni,  Pd,  Pt  and  Au  is  formed  on  the  first 
intermediate  bonding  layer  and  the  metal  bonding  layer  of  at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge, 

55  Sn,  Pb  and  In  is  formed  on  the  second  intermediate  bonding  layer  so  that  the  semiconductor  element  is 
mounted  on  its  surface.  The  materials  for  and  the  thicknesses  of  the  metal  bonding  layer,  The  first 
intermediate  bonding  layer,  the  second  intermediate  layer,  the  polycrystalline  diamond  layer  and  the 
substrate  base  material  are  properly  selected  and  set  at  prescribed  values  respectively  so  that  the  thermal 
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expansion  coefficient  of  the  overall  heat  radiating  substrate'  is  set  at  a  prescribed  value  within  a  range  of  4 
x  10_G  to  6  x  10_5/°C  under  temperatures  ranging  from  the  room  temperature  to  400°  C,  whereby  such  a 
thermal  expansion  coefficient  can  easily  coincide  with  that  of  the  semiconductor  element.  Further,  bonding 
strength  between  the  polycrystalline  diamond  layer  and  the  metal  bonding  layer  is  improved  by  the  first  and 

5  second  intermediate  bonding  layers. 
According  to  still  another  aspect  of  the  present  invention,  a  heat  radiating  component  comprises  a 

substrate  base  material  which  is  made  of  one  material  selected  from  metals  and  ceramics,  a  polycrystalline 
diamond  layer  formed  on  at  least  one  surface  of  the  substrate  base  material,  and  a  metal  bonding  layer  of 
at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In  formed  on  a  prescribed  surface  region  of  the 

io  polycrystalline  diamond  layer  so  that  a  semiconductor  element  is  mounted  on  its  surface.  The  materials  for 
and  the  thicknesses  of  the  metal  bonding  layer,  the  polycrystalline  diamond  layer  and  the  substrate  base 
material  are  properly  selected  and  set  at  prescribed  values  respectively  so  that  the  thermal  expansion 
coefficient  of  the  overall  heat  radiating  component  is  set  at  a  prescribed  value  within  a  range  of  4  x  10_G  to 
6  x  10~  5/°  C  under  temperatures  ranging  from  the  room  temperature  to  400°  C. 

is  In  operation,  the  polycrystalline  diamond  layer  is  formed  on  at  least  one  surface  of  the  substrate  base 
material  and  the  metal  bonding  layer  of  at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In  is 
mounted  on  a  prescribed  surface  region  of  the  polycrystalline  diamond  layer  so  that  the  semiconductor 
element  is  mounted  on  its  surface,  while  the  thermal  expansion  coefficient  of  the  overall  heat  radiating 
component  is  set  at  a  prescribed  value  within  a  range  of  4  x  10_G  to  6  x  10_5/°C  under  temperatures 

20  ranging  from  the  room  temperature  to  400  °C  to  easily  coincide  with  that  of  the  semiconductor  element 
since  the  materials  for  and  the  thicknesses  of  the  metal  bonding  layer,  the  polycrystalline  diamond  layer 
and  the  substrate  base  material  are  properly  selected  and  set  at  prescribed  values  respectively. 

According  to  a  further  aspect  of  the  present  invention,  a  semiconductor  laser  provided  with  a  heat 
radiating  component  comprises  a  stem  which  has  a  mounting  surface  for  receiving  a  semiconductor  laser 

25  element  thereon  and  a  vapor-deposited  polycrystalline  diamond  layer  covering  the  mounting  surface  of  the 
stem.  The  semiconductor  laser  element  is  brazed/bonded  onto  the  surface  of  the  vapor-deposited  diamond 
polycrystalline  layer. 

In  operation,  the  overall  mounting  surface  of  the  stem  is  covered  with  the  polycrystalline  diamond  layer 
formed  by  vapor  deposition.  Thus,  no  brazing  layer  is  required  between  the  vapor-deposited  polycrystalline 

30  diamond  layer  and  the  stem,  whereby  an  effect  of  heat  radiation  from  the  former  to  the  latter  is  improved. 
The  vapor-deposited  polycrystalline  diamond  layer  having  high  thermal  conductivity  covers  the  overall 
mounting  surface  of  the  stem  or  a  part  having  a  wider  area  as  compared  with  the  contour  of  the 
semiconductor  laser  element,  thereby  widening  thermal  conduction  surfaces.  Thus,  heat  which  is  generated 
from  the  semiconductor  laser  element  is  diffused  not  only  in  the  direction  of  depth  of  the  stem  but  also 

35  along  the  plane  of  its  mounting  surface. 
The  foregoing  and  other  objects,  features,  aspects  and  advantages  of  the  present  invention  will  become 

more  apparent  from  the  following  detailed  description  of  the  present  invention  when  taken  in  conjunction 
with  the  accompanying  drawings. 

40  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  illustrates  the  sectional  structure  of  a  conventional  semiconductor  laser; 
Fig.  2  illustrates  the  sectional  structure  of  a  semiconductor  laser  according  to  the  present  invention;  and 
Fig.  3  illustrates  the  sectional  structure  of  an  LSI  package  according  to  the  present  invention. 

45  Fig.  4  illustrates  the  sectional  structure  of  another  LSI  package  according  to  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Referring  to  Fig.  2,  a  semiconductor  laser  according  to  the  present  invention  comprises  a  stem  4,  a 
50  vapor-deposited  polycrystalline  diamond  layer  3  which  is  formed  on  the  upper  surface  of  the  stem  4  by 

vapor  deposition,  and  a  semiconductor  laser  element  1  which  is  bonded  onto  the  surface  of  the  vapor- 
deposited  polycrystalline  diamond  layer  3  through  a  brazing  filler  metal  2.  Table  2  shows  materials  and 
shapes  of  the  semiconductor  laser  1  ,  the  vapor-deposited  polycrystalline  diamond  layer  3,  the  brazing  filler 
metal  2  and  the  stem  4  respectively. 
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Table  2 

Element  1  Material:  Compound  Semiconductor  Composed  of  Ga, 
As,  In,  P,  Al  or  the  like 

5 Shape:  up  to  0.5  mm  square 
Submount  3  Material:  Polycrystalline  Diamond  Synthesized  by  Vapor 

Deposition  (Thermal  Conductivity:  500  to  2000 
W/m'K,  Specific  Resistance:  at  least  109n*cm) 

io  Shape:  10  to  500u.m  Thick,  Covering  Upper  Surface  of 
Stem 

Brazing  Filler  Metals  2  Au-Sn  Alloy,  Pb-Sn  Alloy  or  In 

Stem  4  Material:  Cu,  Cu-W  Alloy,  Cu-Mo  Alloy,  Cu-W-Mo  Alloy, 
15  W,  Mo,  SiC  Sintered  Body,  Si3N+  Sintered  Body 

or  AIN  Sintered  Body 
Shape:  5  to  15  mm  Square 

20 

25 

30 

35 

40 

The  vapor-deposited  polycrystalline  diamond  layer  3  is  formed  over  the  entire  upper  surface  of  the 
stem  4.  Therefore,  heat  which  is  generated  from  the  semiconductor  laser  element  1  is  transmitted  to  the 
vapor-deposited  polycrystalline  diamond  layer  3,  to  be  diffused  along  the  direction  of  depth  and  the 
transverse  direction  in  its  interior.  The  heat  is  further  diffused  from  the  interface  between  the  vapor- 
deposited  polycrystalline  diamond  layer  3  and  the  stem  4  toward  the  interior  of  the  stem  4.  Namely,  a 
region  of  the  stem  4  contributing  to  heat  radiation  is  widened  as  compared  with  the  conventional 
semiconductor  laser  shown  in  Fig.  1.  Thus,  it  is  possible  to  attain  effective  heat  radiation. 

According  to  the  present  invention,  the  thermal  conductivity  of  the  vapor-deposited  polycrystalline 
diamond  layer  3  is  preferably  500  to  2000  W/m*K,  since  no  sufficient  thermal  conduction  is  attained  if  the 
thermal  conductivity  is  not  more  than  500  w/m*K,  while  it  is  impossible  to  form  a  polycrystalline  diamond 
layer  whose  thermal  conductivity  exceeds  2000  W/m*K  with  the  current  technology. 

Further,  the  specific  resistance  of  the  vapor-deposited  polycrystalline  diamond  layer  3  is  preferably  at 
least  109  O'cm.  This  is  the  condition  which  is  necessary  for  ensuring  instability. 

The  thickness  of  the  vapor-deposited  polycrystalline  diamond  layer  3  is  preferably  within  a  range  of  10 
to  500  urn,  since  no  effective  radiation  can  be  attained  if  the  thickness  is  not  more  than  10  urn,  while  the 
heat  radiating  effect  is  not  remarkably  improved  but  the  cost  is  increased  if  the  thickness  exceeds  500  urn. 

Due  to  the  employment  of  the  vapor-deposited  polycrystalline  diamond  layer  3  having  high  thermal 
conductivity,  the  stem  4  may  be  made  of  W,  Mo,  an  SiC  sintered  body,  an  Si3N+  sintered  body,  an  AIN 
sintered  body  or  the  like,  in  addition  to  the  conventional  material  of  Cu,  a  Cu-W  alloy,  a  Cu-Mo  alloy  or  a 
Cu-W-Mo  alloy. 

Description  is  now  made  on  Examples  which  were  made  on  the  basis  of  the  aforementioned  essence  of 
the  present  invention  in  order  to  confirm  the  effect  thereof. 

Example  1 

Polycrystalline  diamond  was  synthesized  on  an  upper  surface  of  5  mm  by  10  mm  of  a  Cu  stem  by 
performing  microwave  plasma  CVD  (chemical  vapor  deposition)  for  8  hours  under  the  following  conditions: 

Raw  Material  Gas  (Flow  Rate):  H2  500  seem 
Cm  20  seem 

so  Gas  Pressure:  70  Torr 
Microwave  Oscillation  Output:  600  W 

55 

Thus,  it  was  possible  to  cover  the  overall  upper  surface  of  the  stem  with  a  polycrystalline  diamond  layer 
of  50  urn  in  thickness.  This  polycrystalline  diamond  layer  had  thermal  conductivity  of  1600  W/m*K,  and 
specific  resistance  of  1010  O'cm. 

Then,  a  Ga-AI-As  optical  semiconductor  element  (semiconductor  laser  element)  of  0.2  mm  square  was 
brazed/bonded  onto  the  upper  surface  of  the  polycrystalline  diamond  layer  with  a  brazing  filler  metal  of  an 
Au-Sn  alloy,  thereby  preparing  a  semiconductor  laser  (A). 

5 
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10 

In  order  to  evaluate  the  heat  radiating  effect  of  the  stem,  the  semiconductor  laser  (A)  was  continuously 
oscillated  with  an  output  of  200  mW  and  the  temperature  rise  of  the  semiconductor  laser  element  was 
measured. 

On  the  other  hand,  comparative  example  was  prepared  by  employing  a  single-crystalline  synthetic 
diamond  layer  of  0.75  mm  square  having  thermal  conductivity  of  2000  W/m'K  as  a  submount  which  was 
provided  on  the  surface  of  a  stem.  The  single-crystalline  synthetic  diamond  layer  was  brazed  onto  the 
surface  of  the  stem,  and  a  semiconductor  laser  element  similar  to  the  above  was  further  brazed/bonded 
onto  the  surface  of  the  single-crystalline  synthetic  diamond  layer,  to  prepare  a  semiconductor  laser  (B). 
Then,  the  temperature  rise  of  the  semiconductor  laser  element  was  measured.  In  the  comparative 
semiconductor  laser  (B),  the  submount  was  bonded  onto  the  stem  by  a  brazing  filler  metal  of  an  Au-Si  alloy. 
On  the  other  hand,  the  semiconductor  laser  element  was  bonded  onto  the  submount  by  another  brazing 
filler  metal  of  an  Au-Sn  alloy. 

Table  3  shows  the  results  of  the  tests  for  evaluating  the  heat  radiating  effects. 

15 Table  3 

20 

Temperature  of  Semiconductor 
Element  (°C) 

Inventive  Sample  (A)  35 
Comparative  Sample  (B)  80 

25 

Referring  to  Table  3,  it  is  understood  that  the  temperature  of  the  semiconductor  laser  element  included 
in  the  inventive  semiconductor  laser  (A),  which  was  provided  with  the  polycrystalline  diamond  layer  formed 
on  the  upper  surface  of  the  stem,  was  extremely  lower  than  that  of  the  comparative  semiconductor  laser 
(B),  which  was  provided  with  the  submount  of  the  single-crystalline  synthetic  diamond  layer.  Thus,  it  is 
understood  that  the  inventive  semiconductor  laser  (A)  has  an  excellent  heat  radiating  effect. 

30 

35 

Example  2 

In  Example  2,  an  SiC  stem  of  15  mm  by  10  mm  was  employed  to  synthesize  polycrystalline  diamond 
on  its  upper  surface  through  thermal  CVD.  In  more  concrete  terms,  a  linear  tungsten  filament  of  0.5  mm  in 
diameter  and  100  mm  in  length  was  employed  as  a  thermoionic  emission  material,  to  synthesize  the 
polycrystalline  diamond  by  carrying  out  thermal  CVD  for  20  hours  under  the  following  conditions: 

40 

Raw  Material  Gas  (Flow  Rate):  H2  300  seem 
C2  H2  15  seem 

Gas  Pressure:  80  Torr 
Filament  Temperature:  21  50  0  C 
Filament-to-Substrate  Distance:  6  mm 
Substrate  Temperature:  920  0  C 

45 

50 

55 

Consequently,  it  was  possible  to  cover  the  overall  upper  surface  of  the  stem  with  a  polycrystalline 
diamond  layer  of  150  urn  in  thickness.  This  polycrystalline  diamond  layer  had  thermal  conductivity  of  800 
W/m'K  and  specific  resistance  of  5  x  109  O'cm. 

Then,  an  In-Ga-As-P  semiconductor  laser  element  of  0.3  mm  square  was  brazed/bonded  onto  the  upper 
surface  of  the  polycrystalline  diamond  layer  by  a  brazing  filler  metal  of  an  In  alloy,  to  prepare  a 
semiconductor  laser  (C). 

In  order  to  evaluate  the  heat  radiating  effect  of  the  stem,  the  semiconductor  laser  (C)  was  continuously 
oscillated  for  6000  hours  with  an  initialization  output  of  25  mW.  The  time  change  of  the  laser  output  was 
measured  under  this  condition. 

Comparative  example  was  prepared  by  employing  a  single-crystalline  natural  diamond  layer  of  1  mm 
square  having  thermal  conductivity  of  1200  W/m*K  as  a  submount  which  was  mounted  on  the  surface  of 
the  same  stem  as  the  above.  In  more  concrete  terms,  the  single-crystalline  natural  diamond  layer  was 
brazed  onto  the  surface  of  the  stem  and  a  semiconductor  laser  element  was  brazed/bonded  onto  the 
surface  of  the  single-crystalline  natural  diamond  layer,  to  prepare  a  semiconductor  laser  (D).  Then,  the 
semiconductor  laser  (D)  was  evaluated.  As  to  this  semiconductor  laser  (D),  the  submount  was  bonded  onto 

6 



EP  0  521  405  A1 

the  stem  by  a  brazing  filler  metal  of  an  Au-Si  alloy,  while  the  semiconductor  laser  element  was  bonded  onto 
the  submount  by  another  brazing  filler  metal  of  an  In  alloy. 

Table  4  shows  the  results  of  the  test  for  evaluating  the  heat  radiating  effects. 

Table  4 

Laser  Oscillation  Output  (mW) 

Immediately  After  Oscillation  100Hr  500Hr  1800Hr  4000Hr  7000Hr 

Inventive  Sample  (C)  250  253  248  249  251  248 

Comparative  Sample  (D)  250  248  251  240  225  203 

10 

15 Referring  to  Table  4,  it  has  been  clarified  that  the  inventive  semiconductor  laser  (C)  exhibited  extremely 
small  time  change  of  the  laser  output  as  compared  with  the  comparative  semiconductor  laser  (D).  This 
means  that  the  inventive  semiconductor  laser  (C)  can  efficiently  radiate  heat  generated  from  the  semicon- 
ductor  laser  element. 

20 

25 

Example  3 

In  Example  3,  various  materials  were  employed  for  preparing  stems.  Table  5  shows  the  materials  for 
the  stems  and  conditions  for  synthesizing  polycrystalline  diamond  layers  covering  the  upper  surfaces  of  the 
stems.  The  polycrystalline  diamond  layers  were  synthesized  by  a  thermal  filament  method  under  the 
conditions  shown  in  Table  5.  Table  6  shows  properties  of  the  polycrystalline  diamond  layers  covering  the 
upper  surfaces  of  the  stems. 

Table  5 

No.  Material  of  Stem 

Gas  Composition/F  Gas  Pressure  Filament  Stem  Synthesizing 
low  Rate  (seem)  (Torr)  Temperature  Temperature  Time  (h.) 

CC)  CC) 

E  Cu-Mo  Alloy  CH+:  20  120  1,900  850  22 
H2:  500 

F  Cu  C2H2:  50  85  2,100  950  55 
H2  600 

G  AIN  Sintered  Body  CH+:  20  145  2,200  700  80 
H2:  500 

H  Cu-W-Mo  Alloy  CH+:  50  90  2,050  1,020  24 
H2:  600 

I  Al202  Sintered  Body  CH+:  20  200  1,950  880  46 
H2:  500 

J  SiC  Sintered  Body  C2H2:  50  50  2,180  930  87 
H2:  600 

30 

35 

40 

45 

50 

55 
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Table  6 

No.  Thickness  (urn)  Thermal  Conductivity  (W/m*  K)  Specific  Resistance  (O'cm) 

E  15  800  8x  1011 

F  3  1,500  6x  109 

G  80  300  3x  1012 

H  250  1,800  2x  1010 

I  380  1,200  5x  109 

J  55  750  5x  10G 

75  Then,  Ga-AI-As  optical  semiconductor  elements  (semiconductor  laser  elements)  of  0.3  mm  square 
were  brazed/bonded  onto  the  upper  surfaces  of  the  polycrystalline  diamond  layers,  thereby  preparing 
semiconductor  lasers  (E)  to  (J). 

In  order  to  evaluate  heat  radiating  effects  of  the  stems,  the  semiconductor  lasers  (E)  to  (J)  were 
continuously  oscillated  with  outputs  of  180  mW,  and  the  temperature  rises  of  the  semiconductor  elements 

20  were  measured. 
Table  7  shows  the  results  of  the  tests  for  evaluating  the  heat  radiating  effects. 

Table  7 

No.  Temperature  of  Semiconductor  No.  Temperature  of  Semiconductor  Element  (°  C) 
Element  (°C) 

E  30  H  25 

F  70  I  28 

G  80  J  Incapable  of  Stable  Laser  Oscillation 

Referring  to  Table  7,  it  is  understood  that  the  temperatures  of  the  semiconductor  laser  elements 
provided  in  the  semiconductor  lasers  (F),  (G)  and  (J)  were  too  high  to  attain  sufficient  heat  radiating  effects 
of  the  stems.  This  may  be  because  the  thickness  of  the  polycrystalline  diamond  layer  was  too  small  in  the 
semiconductor  laser  (F).  In  the  semiconductor  laser  (G),  it  is  conceivable  that  thermal  conductivity  of  the 
polycrystalline  diamond  layer  was  too  low  to  sufficiently  transmit  the  heat  generated  from  the  semiconduc- 
tor  laser  element  to  the  stem.  In  the  semiconductor  laser  (J),  the  semiconductor  laser  element  was 
incapable  of  attaining  stable  laser  oscillation,  conceivably  because  the  specific  resistance  of  the  polycrystal- 
line  diamond  layer  was  too  small.  On  the  other  hand,  it  is  understood  that  the  stems  provided  in  the 
semiconductor  lasers  (E),  (H)  and  (I)  efficiently  radiated  heat  since  the  semiconductor  laser  elements  were 
at  low  temperatures. 

Fig.  3  shows  an  LSI  package  according  to  another  aspect  of  the  present  invention.  This  LSI  package 
comprises  a  package  11,  a  substrate  base  material  12  which  is  fixedly  provided  in  the  package  11,  a 
polycrystalline  diamond  layer  13  which  covers  the  upper  surface  of  the  substrate  base  material  12,  an  LSI 
chip  15  which  is  mounted  on  a  prescribed  surface  region  of  the  polycrystalline  diamond  layer  13  through  a 
first  intermediate  bonding  layer  18a,  a  second  intermediate  bonding  layer  18b  and  a  metal  bonding  layer 
14,  lead  frames  16  which  outwardly  extend  from  the  interior  of  the  package  11,  and  bonding  wires  17  for 
electrically  connecting  portions  of  the  lead  frames  16  provided  in  the  interior  of  the  package  11  with 
electrode  portions  (not  shown)  of  the  LSI  chip  15.  While  the  substrate  base  material  12  can  be  made  of  a 
metal  or  ceramics,  it  is  preferable  to  employ  a  sintered  body  which  is  mainly  composed  of  a  material 
selected  from  Si,  Mo,  W,  a  Cu-W  alloy,  a  Cu-Mo  alloy,  SiC  and  AIN,  considering  that  its  surface  for 
receiving  the  LSI  chip  15  is  covered  with  the  polycrystalline  diamond  layer  13.  The  thickness  of  the 
substrate  base  material  12  is  preferably  0.1  to  2  mm.  If  the  thickness  is  smaller  than  0.1  mm,  strength  of 
the  substrate  base  material  12  may  be  problematically  reduced,  while  the  heat  radiating  property  is  lowered 
and  the  LSI  package  is  increased  in  size  if  the  thickness  exceeds  2  mm. 

As  shown  in  Fig.  3,  the  upper  surface  of  the  substrate  base  material  12  is  so  covered  with  the 
polycrystalline  diamond  layer  13  that  it  is  possible  to  improve  the  heat  radiating  property  of  a  heat  radiating 
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substrate  which  is  defined  by  the  substrate  base  material  12,  the  polycrystalline  diamond  layer  13,  the  first 
intermediate  bonding  layer  18a,  the  second  intermediate  bonding  layer  18b  and  the  metal  bonding  layer  14, 
while  suppressing  heat  distortion  of  the  LSI  chip  15. 

The  polycrystalline  diamond  layer  13  can  be  formed  by  any  well-known  low-pressure  vapor  phase 
5  method  such  as  a  method  of  decomposing  and  exciting  a  raw  material  gas  through  thermoionic  emission  or 

plasma  discharge,  a  film  forming  method  employing  a  burning  flame,  or  the  like.  The  raw  material  gas  is 
generally  prepared  from  a  mixed  gas  which  is  mainly  composed  of  an  organic  carbon  compound  of 
hydrocarbon  such  as  methane,  ethane  or  propane,  alcohol  such  as  methanol  or  ethanol,  or  ester,  and 
hydrogen.  In  addition  to  such  components,  the  raw  material  gas  may  contain  inert  gas  such  as  argon, 

io  oxygen,  carbon  oxide,  water  or  the  like  in  a  range  hot  inhibiting  reaction  for  synthesizing  the  diamond  and 
the  properties  thereof. 

The  thermal  conductivity  of  the  polycrystalline  diamond  layer  13  must  be  within  a  range  of  500  to  2000 
W/m'K  under  temperatures  ranging  from  the  room  temperature  to  400  °C,  in  order  to  satisfy  performance 
surpassing  the  heat  radiating  property  of  a  conventional  heat  radiating  substrate.  As  to  the  thermal 

is  conductivity,  the  upper  limit  of  2000  W/m'K  merely  indicates  the  maximum  level  which  is  attainable  through 
the  current  technology,  and  a  higher  level  of  thermal  conductivity  is  more  preferable,  if  possible. 

The  thickness  of  the  polycrystalline  diamond  layer  13,  which  depends  on  the  type  of  the  LSI  chip  15  to 
be  mounted  thereon  and  specifications  of  the  substrate  base  material  12,  the  first  intermediate  bonding 
layer  18a,  the  second  intermediate  bonding  layer  18b  and  the  metal  bonding  layer  14,  is  generally  set  in  a 

20  range  of  10  to  500  urn.  If  the  thickness  is  less  than  10  urn,  it  is  impossible  to  attain  remarkable  effects  of 
improvement  in  heat  radiating  property  and  suppression  of  heat  distortion,  while  adhesion  to  the  substrate 
base  material  12  is  reduced  if  the  thickness  exceeds  500  urn. 

The  first  intermediate  bonding  layer  18a  is  made  of  at  least  one  material  selected  from  elements 
belonging  to  the  groups  4a,  5a  and  6a  of  the  periodic  table  and  oxides,  carbides,  nitrides  and  carbo-nitrides 

25  thereof.  On  the  other  hand,  the  second  intermediate  bonding  layer  18b  which  is  formed  on  the  first 
intermediate  bonding  layer  18a  is  made  of  at  least  one  material  selected  from  Mo,  Ni,  Pd,  Pt  and  Au.  Both 
of  the  first  and  second  intermediate  bonding  layers  18a  and  18b  are  formed  to  have  thicknesses  of  0.01  to 
5  urn,  in  consideration  of  bonding  strength. 

The  metal  bonding  layer  14  formed  on  the  second  intermediate  bonding  layer  18b  to  the  polycrystalline 
30  diamond  layer  13  is  prepared  to  contain  at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In.  The 

metal  bonding  layer  14  of  a  brazing  filler  metal  such  as  Au  preferably  has  a  thickness  of  1  to  50  urn,  in 
consideration  of  both  heat  resistance  and  a  thermal  expansion  coefficient.  If  the  thickness  is  less  than  1  urn, 
the  LSI  chip  15  cannot  be  sufficiently  bonded  onto  the  polycrystalline  diamond  layer  13  when  the  LSI  chip 
15  is  large-sized,  while  no  effect  of  improvement  in  heat  resistance  is  attained  if  the  thickness  exceeds  50 

35  urn. 
The  materials  for  and  the  thicknesses  of  the  substrate  base  material  12,  the  polycrystalline  diamond 

layer  13,  the  first  intermediate  bonding  layer  18a,  the  second  intermediate  bonding  layer  18b  and  the  metal 
bonding  layer  14  are  so  controlled  that  the  thermal  expansion  coefficient  of  the  overall  heat  radiating 
substrate  defined  by  these  three  members  can  be  set  at  an  arbitrary  value  within  a  range  of  4  x  10_G  to  6  x 

40  10_5/°C  under  temperatures  ranging  from  the  room  temperature  to  400°  C,  to  coincide  with  that  of  the  LSI 
chip  15  which  is  mounted  thereon. 

On  the  basis  of  the  aforementioned  essence  of  the  present  invention,  the  following  Examples  were 
made  in  order  to  confirm  the  effect  thereof. 

45  Example  4 

Polycrystalline  diamond  was  synthesized  on  a  W  substrate  of  20  mm  square  having  a  thickness  of  1  .5 
mm  by  performing  microwave  plasma  CVD  for  10  hours,  under  the  following  conditions: 

Raw  Material  Gas  (Flow  Rate):  H2  300  seem 
ChU  8  seem 

Gas  Pressure:  100  Torr 
Microwave  Oscillation  Output:  400  W 

The  upper  surface  of  the  W  substrate  recovered  after  the  aforementioned  synthesis  was  covered  with  a 
polycrystalline  diamond  layer  of  0.2  mm  in  thickness.  The  surface  of  this  layer  was  successively  covered 
with  a  first  intermediate  bonding  layer  of  Ti  having  a  thickness  of  0.06  urn  and  a  second  intermediate 
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bonding  layer  of  Pt  having  a  thickness  of  1.2  urn.  The  surface  of  the  second  intermediate  bonding  layer 
was  further  covered  with  a  metal  bonding  layer  of  an  Au-Sn  alloy  in  a  thickness  of  30  urn,  to  prepare  a  heat 
radiating  substrate  (K1). 

An  Si  LSI  chip  of  15  mm  square  was  mounted  on  the  heat  radiating  substrate  (K1),  which  in  turn  was 
5  subjected  to  performance  evaluation. 

Comparative  example  (L1)  was  prepared  in  a  similar  manner  to  the  above,  except  for  that  the  heat 
radiating  substrate  was  prepared  from  Al  N  of  the  same  shape  as  the  above.  Another  comparative  example 
(M1)  was  prepared  in  a  conventional  structure  with  a  bonding  material  of  silver  paste.  These  comparative 
examples  (L1)  and  (M1)  were  also  subjected  to  performance  evaluation. 

io  The  performance  evaluation  was  made  by  carrying  out  thermal  shock  tests  and  measuring  heat 
resistance  values,  under  the  following  conditions: 

Thermal  Shock  Test 

is  Each  of  the  aforementioned  heat  radiating  substrates  carrying  the  LSI  chips  were  alternately  dipped  in 
organic  solvents  which  were  set  at  temperatures  of  125°C  and  -55  °C  repeatedly  by  100  times,  and  a 
damaged  state  of  each  LSI  chip  was  observed. 

Heat  Resistance  Measurement 
20 

Electric  power  of  4  W  was  applied  to  each  LSI  chip,  and  the  temperature  of  the  LSI  chip  was  measured 
with  an  infrared  thermometer  when  the  same  entered  a  stationary  state. 

Table  8  shows  the  results. 

25  Table  8 

Sample  Result  of  Thermal  Shock  Test  Result  of  Measurement  of  Heat 
Resistance  (LSI  Temperature) 

Inventive  Sample  K1  Not  Damaged  30  °  C 

Comparative  Sample  L1  Cracked  After  70  Times  68°  C 

Comparatice  Sample  M1  Cracked  After  18  Times  48°  C 

Referring  to  Table  8,  it  is  understood  that  the  inventive  sample  (K1)  exhibited  small  difference  in 
thermal  expansion  coefficient  with  respect  to  the  LSI  chip  substantially  with  no  distortion  dissimilarly  to  the 
comparative  examples,  while  exhibiting  an  excellent  heat  radiating  property. 

Example  5 
40 

A  gas  obtained  by  mixing  H2,  C2HG  and  Ar  in  ratios  of  7:2:1  was  supplied  into  a  reaction  tube,  which 
was  provided  with  a  Cu-W-Mo  alloy  substrate  of  25  mm  square  having  a  thickness  of  1.5  mm,  at  a  flow  rate 
of  400  seem,  and  its  pressure  was  adjusted  to  120  Torr.  Then,  a  high  frequency  of  13.56  MHz  was  supplied 
from  a  high  frequency  generator  for  exciting  the  mixed  gas  and  generating  plasma,  thereby  synthesizing 
polycrystalline  diamond  for  28  hours.  The  high  frequency  was  outputted  at  750  W. 

The  upper  surface  of  the  substrate  recovered  after  the  aforementioned  synthesis  was  covered  with  a 
polycrystalline  diamond  layer  of  0.04  mm  in  thickness.  The  surface  of  this  layer  was  successively  covered 
with  a  first  intermediate  bonding  layer  of  Ta  having  a  thickness  of  0.08  urn  and  a  second  intermediate 
bonding  layer  of  Pd  having  a  thickness  of  2.0  urn.  The  surface  of  the  second  intermediate  bonding  layer 
was  further  covered  with  an  Au-Si  alloy  so  that  its  thickness  was  38  urn,  thereby  preparing  a  heat  radiating 
substrate  (N1). 

A  GaAs  LSI  chip  of  18  mm  square  was  mounted  on  this  heat  radiating  substrate  (N1),  which  in  turn  was 
subjected  to  performance  evaluation. 

Comparative  examples  (01  to  T1)  were  prepared  by  combining  bonding  materials  and  heat  radiating 
substrate  materials  shown  in  Table  9,  to  be  subjected  to  performance  evaluation.  This  performance 
evaluation  was  made  by  carrying  out  thermal  shock  tests  and  measuring  heat  resistance  values  similarly  to 
Example  4.  Table  9  shows  the  results. 
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15 

20 

25 

Sample  Result  of  Result  of 
Z  1  Thermal  Test  Measurement 

ho  substrate  Intermediate  Metal  Bonding  of  Heat 
Material  BondinQ  Laver  Laver  Resistance 

Material  Thickness  Material  Thickness  Temperature) 

Inventive  Cu-Mo  Alloy  Ti  0.04  Au-Si  30  urn  Not  Damaged  25°C 
Sample  NI  Covered 

with  Pt  1.6 
Daimond 

01  Cu-Mo  Alloy  Ta  0.08  Au-Si  25  urn  Cracked  50°C 
After  60 

Au  2.5  Times 

pi  AlN  Nb  0.2  Au-Si  35  am  Cracked  50°C 
Sintered  "" r   20 
Body  Ni  3.0  Times 

Ql  Cu-Mo  Alloy  V  0.35  Silver  45  urn  Cracked  75°C 
Paste  After  80 

r-l  Mo  2.0  Times 
1  Rl  Cu-Mo  Alloy  W  0.8  Au-Sn  40  urn  Cracked  55°C 
W  After  70 
<])  Pt  0.8  Times 

+J  SI  SiC  Zr  1.5  Au-Sn  15  urn  Cracked  60°C 
P  Sintered  **"r  30 
jg  Body  Pd  4.5  Times 

O  Tl  Al  N  Hf  0.25  Silver  25  |tm  Cracked  60°C 
O  Sintered  Paste  After  60 

Body  Au  1.0  Times 

Referring  to  Table  9,  it  is  understood  that  the  inventive  sample  (N1)  exhibited  small  difference  in 
30  thermal  expansion  coefficient  with  respect  to  the  LSI  chip  substantially  with  no  heat  distortion  dissimilarly  to 

the  comparative  examples,  while  exhibiting  an  excellent  heat  radiating  property. 
An  LSI  chip  according  to  still  another  aspect  of  the  present  invention  is  now  described.  Fig.  4  is  a 

sectional  view  showing  the  LSI  package  according  to  this  aspect  of  the  present  invention.  Referring  to  Fig. 
4,  this  LSI  package  comprises  an  LSI  chip  15,  which  is  mounted  on  a  prescribed  surface  region  of  a 

35  polycrystalline  diamond  layer  13  through  a  metal  bonding  layer  14  alone,  dissimilarly  to  the  LSI  package 
shown  in  Fig.  3.  Also  in  this  structure,  it  is  possible  to  attain  an  effect  similar  to  that  of  the  LSI  package 
shown  in  Fig.  3.  The  following  Examples  were  made  in  order  to  confirm  the  effect  of  the  LSI  package  shown 
in  Fig.  4. 

40  Example  6 

Polycrystalline  diamond  was  synthesized  on  an  Si  substrate  of  20  mm  square  having  a  thickness  of  1  .5 
mm  by  performing  microwave  plasma  CVD  for  10  hours,  under  the  following  conditions: 

45 Raw  Material  Gas  (Flow  Rate):  H2  200  seem 
CĤ   5  seem 

Gas  Pressure:  80  Torr 
Microwave  Oscillation  Output:  600  W 

The  upper  surface  of  the  Si  substrate  recovered  after  the  aforementioned  synthesis  was  covered  with  a 
polycrystalline  diamond  layer  of  0.1  mm  in  thickness.  The  surface  of  this  layer  was  further  covered  with  a 
bonding  material  of  an  Au-Sn  alloy  in  a  thickness  of  30  urn,  to  prepare  a  heat  radiating  substrate  (K2). 

An  Si  LSI  chip  of  15  mm  square  was  mounted  on  the  heat  radiating  substrate  (K2),  which  in  turn  was 
55  subjected  to  performance  evaluation. 

Comparative  example  (L2)  was  prepared  in  a  similar  manner  to  the  above,  except  for  that  the  heat 
radiating  substrate  was  prepared  from  Al  N  of  the  same  shape  as  the  above.  Another  comparative  example 
(M2)  was  prepared  in  a  conventional  structure  with  a  bonding  material  of  silver  paste.  These  comparative 
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10 

examples  (L2)  and  (M2)  were  also  subjected  to  performance  evaluation. 
The  performance  evaluation  was  made  by  carrying  out  thermal  shock  tests  and  measuring  heat 

resistance  values,  under  the  following  conditions: 

Thermal  Shock  Test 

Each  of  the  aforementioned  heat  radiating  substrates  carrying  the  LSI  chips  was  alternately  dipped  in 
organic  solvents  which  were  set  at  temperatures  of  125°C  -and  -55  °C  repeatedly  by  100  times,  and  a 
damaged  state  of  each  LSI  chip  was  observed. 

Heat  Resistance  Measurement 

15 

Electric  power  of  3  W  was  applied  to  each  LSI  chip,  and  the  temperature  of  the  LSI  chip  was  measured 
with  an  infrared  thermometer  when  the  same  entered  a  stationary  state. 

Table  10  shows  the  results. 

50 

Table  10 

20 

25 

Sample  Result  of  Thermal  Shock  Test  Result  of  Measurement  of  Heat 
Resistance  (LSI  Temperature) 

Inventive  Sample  K2  Not  Damaged  30  °  C 

Comparative  Sample  L2  Cracked  After  80  Times  70  °  C 

Comparative  Sample  M2  Cracked  After  20  Times  50  °  C 

30 

Referring  to  Table  10,  it  is  understood  that  the  inventive  sample  (K2)  exhibited  small  difference  in 
thermal  expansion  coefficient  with  respect  to  the  LSI  chip  substantially  with  no  heat  distortion  dissimilarly  to 
the  conventional  examples,  while  exhibiting  an  excellent  heat  radiating  property. 

Example  7 

35 

40 

45 

A  gas  obtained  by  mixing  H2,  C2HG  and  Ar  in  ratios  of  8:1:1  was  supplied  into  a  reaction  tube,  which 
was  provided  with  a  Cu-Mo  alloy  substrate  of  25  mm  square  having  a  thickness  of  1  mm,  at  a  flow  rate  of 
500  seem,  and  its  pressure  was  adjusted  to  135  Torr.  Then,  a  high  frequency  of  13.56  MHz  was  supplied 
from  a  high  frequency  generator  for  exciting  the  mixed  gas  and  generating  plasma,  thereby  synthesizing 
polycrystalline  diamond  for  30  hours.  The  high  frequency  was  outputted  at  800  W. 

The  upper  surface  of  the  substrate  recovered  after  the  aforementioned  synthesis  was  covered  with  a 
polycrystalline  diamond  layer  of  0.03  mm  in  thickness.  The  surface  of  this  layer  was  further  covered  with  a 
bonding  material  layer  of  an  Au-Si  alloy  so  that  its  thickness  was  40  urn,  thereby  preparing  a  heat  radiating 
substrate  (N2). 

A  GaAs  LSI  chip  of  18  mm  square  was  mounted  on  this  heat  radiating  substrate  (N2),  which  in  turn  was 
subjected  to  performance  evaluation. 

Comparative  examples  (02)  to  (T2)  were  prepared  by  combining  bonding  materials  and  heat  radiating 
substrate  materials  shown  in  Table  11,  to  be  subjected  to  performance  evaluation.  This  performance 
evaluation  was  made  by  carrying  out  thermal  shock  tests  and  measuring  heat  resistance  values  similarly  to 
Example  6.  Table  1  1  shows  the  results. 

55 
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T a b l e   11 

5 

Sample  Resulc  of 
Measurement 

Bonding  Ma te r i a l   Result  of  j£ . i l£nc .  
No.  S u b s t r a t e   Thermal  (LSI 

10  Ma te r i a l   Ma te r i a l   Thickness  Shock  Tesc  Temperature) 

Inven t ive   Cu-Mo  Alloy  Not 
Sample  N2  Covered  with  Au-Si  30pjn  Damaged  25°C 

Diamond 
75  C racked  

Comparative  Cu-Mo  Alloy  Au-Si  25(im  After   50°C 
Sample  02  60 

Times 

20  Cracked  
Comparative  A1N  S in te red   Au-Si  3 5 ^   Af ter   50°C 

Sample  P2  Body  20 
Times 

25  Cracked  
Comparative  Cu-Mo  Alloy  S i lve r   45pun  After   75°C 

Sample  Q2  Paste  80 
Times 

30  C racked  
Comparative  Cu-Mo  Alloy  '  Au-Sn  40jxm  After   55°C 

Sample  R2  70 
Times 

Cracked  
35  Comparative  SiC  S in te red   Au-Si  15jLm  After   60°C 

Sample  S2  Body  30 
Times 

Cracked  
40  Comparative  AlN  S in t e r ed   S i l ve r   25|im  Af ter   60°C 

Sample  T2  Body  Paste  60 
Times 

45  Referring  to  Table  11,  it  is  understood  that  the  inventive  sample  (N2)  exhibited  small  difference  in 
thermal  expansion  coefficient  with  respect  to  the  LSI  chip  substantially  with  no  heat  distortion  dissimilarly  to 
the  comparative  examples,  while  exhibiting  an  excellent  heat  radiating  property. 

In  the  heat  radiating  component  according  to  the  first  aspect  of  the  present  invention,  as  hereinabove 
described,  the  polycrystalline  diamond  layer  having  high  thermal  conductivity  is  vapor-deposited  entirely 

50  over  the  upper  surface  of  the  stem,  whereby  efficiency  of  thermal  conduction  from  the  semiconductor  laser 
element  is  so  improved  that  it  is  possible  to  suppress  characteristic  deterioration  caused  by  heat  which  is 
generated  from  the  semiconductor  laser  element. 

In  the  heat  radiating  component  according  to  the  second  aspect  of  the  present  invention,  the 
polycrystalline  diamond  layer  is  formed  on  at  least  one  surface  of  the  substrate  base  material  which  is 

55  made  of  one  material  selected  from  metals  and  ceramics  and  the  first  intermediate  bonding  layer  of  at  least 
one  material  selected  from  elements  belonging  to  the  groups  4a,  5a  and  6a  of  the  periodic  table  and  oxides, 
carbides,  nitrides  and  carbo-nitrides  thereof  is  formed  on  a  prescribed  surface  region  of  the  polycrystalline 
diamond  while  the  second  intermediate  bonding  layer  of  at  least  one  material  selected  from  Mo,  Ni,  Pd,  Pt 
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and  Au  is  formed  on  the  first  intermediate  bonding  layer  and  the  metal  bonding  layer  of  at  least  one  metal 
selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In  is  formed  on  the  second  intermediate  bonding  layer  so  that  the 
semiconductor  element  is  mounted  on  its  surface.  The  materials  for  and  the  thicknesses  of  the  metal 
bonding  layer,  the  first  intermediate  bonding  layer,  the  second  intermediate  bonding  layer,  the  polycrystal- 

5  line  diamond  layer  and  the  substrate  base  material  are  properly  selected  and  set  at  prescribed  values 
respectively  so  that  the  thermal  expansion  coefficient  of  the  overall  heat  radiating  component  is  set  at  a 
prescribed  value  within  a  range  of  4  x  10_G  to  6  x  10_5/°C  under  temperatures  ranging  from  the  room 
temperature  to  400  °  C.  Thus,  it  is  possible  to  provide  the  heat  radiating  component  to  have  a  thermal 
expansion  coefficient  which  coincides  with  that  of  the  LSI  chip  mounted  thereon,  with  an  excellent  heat 

io  radiating  property.  Further,  bonding  strength  between  the  metal  bonding  layer  and  the  polycrystalline 
diamond  layer  is  improved  by  the  first  and  second  intermediate  bonding  layer,  whereby  the  heat  radiating 
component  can  be  also  improved  in  strength. 

In  the  heat  radiating  component  according  to  the  third  aspect  of  the  present  invention,  the  polycrystal- 
line  diamond  layer  is  formed  on  at  least  one  surface  of  the  substrate  base  material  which  is  made  of  one 

is  material  selected  from  metals  and  ceramics,  the  metal  bonding  layer  which  is  made  of  at  least  one  metal 
selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In  is  formed  on  a  prescribed  surface  region  of  the  polycrystalline 
diamond  layer  so  that  the  semiconductor  element  is  mounted  on  its  surface,  and  the  thermal  conductivity  of 
the  overall  heat  radiating  substrate  is  set  at  a  prescribed  value  within  a  range  of  4  x  10_G  to  6  x  10_5/°C 
under  temperatures  ranging  from  the  room  temperature  to  400  °  C  by  properly  selecting  the  materials  for  the 

20  metal  bonding  layer,  the  polycrystalline  diamond  layer  and  the  substrate  base  material  and  setting  the 
thicknesses  thereof  at  prescribed  values  respectively.  Thus,  it  is  possible  to  easily  form  the  heat  radiating 
substrate  to  have  a  thermal  expansion  coefficient  which  coincides  with  that  of  an  LSI  chip  to  be  mounted 
thereon  as  well  as  an  excellent  heat  radiating  property. 

The  semiconductor  laser  according  to  the  third  aspect  of  the  present  invention  is  provided  with  the  heat 
25  radiating  component,  which  comprises  the  stem  having  the  mounting  surface  for  receiving  the  semiconduc- 

tor  laser  element  thereon,  and  the  vapor-deposited  polycrystalline  diamond  layer  covering  the  mounting 
surface  of  the  stem.  The  semiconductor  laser  element  is  brazed/bonded  onto  the  surface  of  the  vapor- 
deposited  polycrystalline  diamond  layer,  whereby  efficiency  of  thermal  conduction  from  the  semiconductor 
laser  element  is  so  improved  that  it  is  possible  to  prevent  characteristic  deterioration  caused  by  heat  which 

30  is  generated  from  the  semiconductor  laser  element. 
Although  the  present  invention  has  been  described  and  illustrated  in  detail,  it  is  clearly  understood  that 

the  same  is  by  way  of  illustration  and  example  only  and  is  not  to  be  taken  by  way  of  limitation,  the  spirit 
and  scope  of  the  present  invention  being  limited  only  by  the  terms  of  the  appended  claims. 

35  Claims 

1.  A  heat  radiating  component  comprising: 
a  stem  (4,  12)  having  a  mounting  surface  for  receiving  a  semiconductor  element  thereon;  and 
a  vapor-deposited  polycrystalline  diamond  layer  (3,  13)  covering  the  surface  of  said  mounting 

40  surface  of  said  stem. 

2.  A  heat  radiating  component  in  accordance  with  claim  1,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  is  formed  to  cover  overall  said  mounting  surface  of  said  stem. 

45  3.  A  heat  radiating  component  in  accordance  with  claim  1,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  has  thermal  conductivity  of  at  least  500  W/m'K  and  not  more  than  2000  W/m'K. 

4.  A  heat  radiating  component  in  accordance  with  claim  1,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  has  specific  resistance  of  at  least  109  O'cm. 

50 
5.  A  heat  radiating  component  in  accordance  with  claim  1,  wherein  said  vapor-deposited  polycrystalline 

diamond  layer  has  a  thickness  of  at  least  10  urn  and  not  more  than  500  urn. 

6.  A  heat  radiating  component  in  accordance  with  claim  1,  wherein  said  stem  is  made  of  one  material 
55  selected  from  Cu,  a  Cu-W  alloy,  a  Cu-Mo  alloy,  a  Cu-W-Mo  alloy,  W,  Mo,  an  SiC  sintered  body,  an 

Si3N+  sintered  body  and  an  AIN  sintered  body. 

7.  A  heat  radiating  component  for  receiving  a  semiconductor  element  on  its  surface,  said  heat  radiating 
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component  comprising: 
a  substrate  base  material  (12)  being  made  of  one  material  selected  from  metals  and  ceramics; 
a  polycrystalline  diamond  layer  (13)  being  formed  on  at  least  one  surface  of  said  substrate  base 

material; 
5  a  first  intermediate  bonding  layer  (18a)  being  formed  on  a  prescribed  surface  region  of  said 

polycrystalline  diamond  layer,  said  first  intermediate  bonding  layer  being  made  of  at  least  one  material 
selected  from  elements  belonging  to  the  groups  4a,  5a  and  6a  of  the  periodic  table  and  oxides, 
carbides,  nitrides  and  carbo-nitrides  thereof; 

a  second  intermediate  bonding  layer  (18b)  being  formed  on  said  first  intermediate  bonding  layer, 
io  said  second  intermediate  bonding  layer  being  made  of  at  least  one  material  selected  from  Mo,  Ni,  Pd, 

Pt  and  Au;  and 
a  metal  bonding  layer  (14)  being  formed  on  said  second  intermediate  bonding  layer  for  receiving 

said  semiconductor  element  on  its  surface,  said  metal  bonding  layer  being  made  of  at  least  one  metal 
selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In, 

is  materials  for  and  thicknesses  of  said  metal  bonding  layer,  said  first  intermediate  bonding  layer,  said 
second  intermediate  bonding  layer,  said  polycrystalline  diamond  layer,  and  said  substrate  base  material 
being  properly  selected  and  set  at  prescribed  values  respectively  for  setting  the  thermal  expansion 
coefficient  of  overall  said  heat  radiating  component  at  a  prescribed  value  within  a  range  of  4  x  10_G  to 
6  x  10_5/°  C  under  temperatures  ranging  from  the  room  temperature  to  400°  C. 

20 
8.  A  heat  radiating  component  in  accordance  with  claim  6,  wherein  said  substrate  base  material  is  formed 

by  a  sintered  body  being  mainly  composed  of  at  least  one  material  selected  from  Si,  Mo,  W,  a  Cu-W 
alloy,  a  Cu-Mo  alloy,  a  Cu-Mo-W  alloy  and  AiN. 

25  9.  A  heat  radiating  component  in  accordance  with  claim  7,  wherein  the  thermal  conductivity  of  said 
polycrystalline  diamond  layer  is  at  a  prescribed  value  within  a  range  of  500  to  2000  W/m*K  under 
temperatures  ranging  from  the  room  temperature  to  400  °  C. 

10.  A  heat  radiating  component  for  receiving  a  semiconductor  element  on  its  surface,  said  heat  radiating 
30  component  comprising: 

a  substrate  base  material  (12)  being  made  of  one  material  selected  from  metals  and  ceramics; 
a  polycrystalline  diamond  layer  (13)  being  formed  on  at  least  one  surface  of  said  substrate  base 

material;  and 
a  metal  bonding  layer  (14)  being  formed  on  a  prescribed  surface  region  of  said  polycrystalline 

35  diamond  layer  for  receiving  said  semiconductor  element  on  its  surface,  said  metal  bonding  layer  being 
made  of  at  least  one  metal  selected  from  Au,  Ag,  Si,  Ge,  Sn,  Pb  and  In, 

materials  for  and  thicknesses  of  said  metal  bonding  layer,  said  polycrystalline  diamond  layer  and 
said  substrate  base  material  being  properly  selected  and  set  at  prescribed  values  respectively  for 
setting  the  thermal  expansion  coefficient  of  overall  said  heat  radiating  component  at  a  prescribed  value 

40  within  a  range  of  4  x  10_G  to  6  x  10_5/°C  under  temperatures  ranging  from  the  room  temperature  to 
400  °  C. 

11.  A  heat  radiating  component  in  accordance  with  claim  10,  wherein  said  substrate  base  material  is 
formed  by  a  sintered  body  being  mainly  composed  of  at  least  one  material  selected  from  Si,  Mo,  W,  a 

45  Cu-W  alloy,  a  Cu-Mo  alloy,  SiC  and  AIN. 

12.  A  heat  radiating  component  in  accordance  with  claim  10,  wherein  the  thermal  conductivity  of  said 
polycrystalline  diamond  layer  is  at  a  prescribed  value  within  a  range  of  500  to  2000  W/m*K  under 
temperatures  ranging  from  the  room  temperature  to  400  °  C. 

50 
13.  A  heat  radiating  component  in  accordance  with  claim  11,  wherein  the  thermal  conductivity  of  said 

polycrystalline  diamond  layer  is  at  a  prescribed  value  within  a  range  of  500  to  2000  W/m*K  under 
temperatures  ranging  from  the  room  temperature  to  400  °  C. 

55  14.  A  semiconductor  device  provided  with  a  heat  radiating  component,  said  heat  radiating  component 
comprising: 

a  substrate  base  material  being  made  of  one  material  selected  from  metals  and  ceramics; 
a  polycrystalline  diamond  layer  being  formed  on  at  least  one  surface  of  said  substrate  base 
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material;  and 
a  metal  bonding  layer  being  formed  on  a  prescribed  surface  region  of  said  polycrystalline  diamond 

layer,  said  metal  bonding  layer  being  made  of  at  least  one  metal  selected  from  Au,  Ag,  Pt,  Ti,  Mo,  Ni, 
Si,  Ge,  Sn,  Pb  and  In,  wherein 

5  a  semiconductor  element  of  said  semiconductor  device  is  mounted  on  said  metal  bonding  layer, 
and 

materials  for  and  thicknesses  of  said  metal  bonding  layer,  said  polycrystalline  diamond  layer  and 
said  substrate  base  material  are  properly  selected  and  set  at  prescribed  values  respectively  for  setting 
the  overall  thermal  expansion  coefficient  of  said  heat  radiating  component  at  a  prescribed  value  within  a 

io  range  of  4  x  10_G  top  6  x  10_5/°  C  under  temperatures  ranging  from  the  room  temperature  to  400°  C. 

15.  A  semiconductor  device  in  accordance  with  claim  14,  wherein  said  substrate  base  material  is  formed 
by  a  sintered  body  being  mainly  composed  of  at  least  one  material  selected  from  Si,  Mo,  W,  a  Cu-W 
alloy,  a  Cu-Mo  alloy,  SiC  and  AIN. 

15 
16.  A  semiconductor  device  in  accordance  with  claim  14,  wherein  the  thermal  conductivity  of  said 

polycrystalline  diamond  layer  is  at  a  prescribed  value  within  a  range  of  500  to  2000  W/m*K  under 
temperatures  ranging  from  the  room  temperature  to  400  °  C. 

20  17.  A  semiconductor  device  in  accordance  with  claim  15,  wherein  the  thermal  conductivity  of  said 
polycrystalline  diamond  layer  is  at  a  prescribed  value  within  a  range  of  500  to  2000  W/m*K  under 
temperatures  ranging  from  the  room  temperature  to  400  °  C. 

18.  A  semiconductor  laser  provided  with  a  heat  radiating  component,  said  heat  radiating  component 
25  comprising: 

a  stem  having  a  mounting  surface  for  receiving  a  semiconductor  laser  element  thereon;  and 
a  vapor-deposited  polycrystalline  diamond  layer  covering  said  mounting  surface  of  said  stem, 
said  semiconductor  laser  element  being  brazed/bonded  onto  the  surface  of  said  vapor-deposited 

polycrystalline  diamond  layer. 
30 

19.  A  semiconductor  laser  in  accordance  with  claim  18,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  is  formed  to  cover  overall  said  mounting  surface  of  said  stem. 

20.  A  semiconductor  laser  in  accordance  with  claim  18,  wherein  said  vapor-deposited  polycrystalline 
35  diamond  laser  has  thermal  conductivity  of  at  least  500  W/m*  K  and  not  more  than  2000  W/m*  K. 

21.  A  semiconductor  laser  in  accordance  with  claim  18,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  has  specific  resistance  of  at  least  109  O'cm. 

40  22.  A  semiconductor  laser  in  accordance  with  claim  18,  wherein  said  vapor-deposited  polycrystalline 
diamond  layer  has  a  thickness  of  at  least  10  urn  and  not  more  than  500  urn. 

23.  A  semiconductor  laser  in  accordance  with  claim  18,  wherein  said  stem  is  made  of  one  material  selected 
from  Cu,  a  Cu-W  alloy,  a  Cu-Mo  alloy,  a  Cu-W-Mo  alloy,  W,  Mo,  an  SiC  sintered  body,  an  Si3N+ 

45  sintered  body  and  an  AIN  sintered  body. 

50 

55 
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